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SUMMARY

An experimental investigation on & 3.60-inch-diameter ram Jet
was conducted in the NACA Lewls 20-inch supersonic tunnel at
a Mech number of 1.92 to determine the effects of combustlon on
the performence of a basic normal-shock diffuser. Total-pressure
recovery with and without combustlon was evaluated as a function
of outlet-inlet asrea ratioc and fuel flow.

A repld decresse in peek Hotal-pressure recovery was cbtalned
with increasing outlet-inlet area ratlo, Thils phenomenon is atbri-
buted to an oscillation of the dlffuser normel shock inltlated by
pressure pulsatione from an unsteady combugtion procese, Conse-
gquently, the peak total-pressure recovery obtalnable with steady-
flow conditions could not be attained in the presence of combustlon.
Similar results were prevliously reported for the shock. and per-
forated dlffusers.

Several devices \\eI € used in an ettempt elther to dampen the
pressure pulsations or to mroduce a smoother combustion process,
The use of cones and wire sCreensin the diffuser, varlous
cambustion-chember lengths, and different flame holders resulted
in little or no improvement in diffuser performence. A marked
improvement in diffuser performence was obtalned, however, when a
powdered magnesium flere was used a&a the source of a smooth com-
bustion process.

INTRODUCTION
The effect of a ram-Jet cambustion process on the performance

of conventional supersonlic dlffusers has been experimentally deter-
mined from a preliminary investigatlon conducted at the NACA
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Tewis laboratory in the 20-inch supersonic wind tunnel at =

Mach number of 1.92., Previous results, presented for shock and
perforated diffusers in references 1 and 2, respectively, indicated
that an oscillation of the diffuser normal shock, initiated by
presgure pulsations from an unsteady combustion process, caused a
rapid decrease ln peak total-pressure recovery with increasing out-
let area. Such novenent of the normal shock prevented 1lts loca-
tion at the optimum steady-state position in the diffuser and con-
sequently the peak totel-pressure recovery cbtainable with steady-
flow conditions could no longer be attained. The combustion process
had very nearly the same effect on the performance of both the shock
and perforated diffusers.

Thus the phenomenon of decreasing peak total-pressure recovery
with increasing outlet aree was apparently independent of the type
of supersonic inlet utilizing a stream compression before the
normel shock., A basilc normel-shock diffuser was therefore used in
the study reported herein to complete t he investigation. This inlet
was a simple divergent channel and produced no compression of the
supersoni ¢ air streamexcept through the normel shock., Diffuser
pexrformance was again evaluated in terms of total-pressure recovery.

Several devices were used in sn attempt either to dampen t he
pregsure pulsations or to produce a smoother combustion process.
These devices included cones and wire screensof varying densities
in the subsonic diffuser, various combustion-chamber lengths, dif-
ferent flame holders, and another type of fuel in the form of
powdered megnesium flares. No attempt was made to evaluate the
combustion pexrformence of the engine.

APPARATUS AND PROCEDURE

This investigatlon was made In the KACA Iewls 20-inch super-
sonic wind tummel at a Mach number of 1.92 +0.04. The inlet alr
was maintained at a dew point of -15 £10° F and a total temperature
of' 220 %5° F,

The experinental 3.60-inch-dlemeter ram Jet (fig. 1) is the
game a8 that used in references 1 and 2, except for the diffuser
configuration. TUnleaded 62-octane gasoline was injected in an
upstream direction through a l2-gallon-per-hour diffusing spray
nozzle (rated at 100 1lb/sq in. gage) located in the subsonic dif-
fuser and was ignited by means of a spark plug with an acetylene-
gas pllot system.,
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The normal-shock diffuser consisted of a straight 5° divergent
channel, In order to obaserve the shock pattern at the inlet, a
shadowgraph was used inside the tummel, When the normel shock was
Inside the engine, the calculated alr flow was approximetely
1100 pounds per hour. In an effort to dampen pressure fluctuations,
cones and wire screens of various denslties were installed perpen=-
dicular to the air stream and epproximately 2 inches upstream cof the
fuel-spray nozzle,

Other modifications were designed to produce zsmoother ocom-
bustion process, Different ccmbustion-chamber lengthe of approxi-
mately 4.4, 6.3, and 8,5 diameters were employed. The originasl
flame holder (fig. 1(b)) was replaced by a 28° conical spiral-
gutter flame holder, which wae 4.5 inches lcng with a 3/4-inch
helical pitch. The apex of the cone and the V-gutters were upstrean.

Further experiments were mede ln which the flame holder amnd
the gasoline fuel system were replaced by a powdered magneslium flare,

The flare was 2 inches in dlameter and 7% inches long and had a
burning duration of approximately 45 seconds. Flere tests were mede

at several fixed-outlet ereas and the pressures were recorded on a
multiple-tube mercury mencmeter. Total-pressure reccoverles were
measured before, during, and after combustlon.
m AND DISCUSSION
Symbols
The following symbols are used in this discusslon:
A3 diffuser-inlet area
A4 projected ram-jet outlet-nozzle area normal to free streanm
Py free-stream total pressure

Py total pressure at cambustion-chamber inlet (diffuser outlet)

¥Wp fuel flow, pounds per hour

Original Configuration

Total-pressure recovery without combustion. - The cold-run
performance of the normal-shock diffuser ata Mach number of 1.92

SONFIIENRTIAL
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i S presented in figure 2. Total-pressure recovery Px/Pop i S shown
as a fwnctlon of outlet-inlet area ratio Ag/As. Values of A /A4
may deviate from the true outlet-inlet area ratio because the
nmeasured A4 is not necessarily the true flow area. The relative
values, however, shoul d be representative and establish the trends.
For the normal-shock diffuser operating under steady-flow conditions
at a Mach number of 1.92, the gemeral shape of the curve and the
magni t ude of the maximum Pgz/P; woul d be expected. Thi s cold-run
performance curve is used as a reference 4o compare results obtained
W t h combustion. |t was previcusly ascertained (reference 1) that

t he injection of fuel w thout cembustion di d not altar the pressure

recovery.

Combustion at comstant fuel flow and constant outlet area. -
The experimental variation of total-pressure recovery with outlet-
inlet area ratio and fuel £low i S shown in figures 3 and 4, respec-
tively. The trends of the curves are similar to those in refer-
ences 1 and 2 for the shock and perforated diffusers. The peak
Pz /Py was | ess than the optimum ool d-run val ue and decreased with
increased fuel flow (fig. 3) and increased outlet-inlet arearatio
(fig. 4). For constant val ues of A,/A; of 0.63 and 0.76, the

curves in figure 4 have tw branches, depending upon whet her the
fuel flow was being increased or decreased. When the fuel flow was
increased beyond the val ue at the peak PsfPo and agai n decreesed,
the peak Pz/P; could not be realized until the normal shook
completely reentered the di ffuser and the fuel flowwas again
increased. Thi S phenomenoni s attributed to the inoreased mean
fuel-air ratio resulting from air-flow splllage when the normal
shooki s oscillating upstreamof the inlet. Rough and unsteady
combustion and a blurred shock pettern at t he inlet were observed
for the foll owi ng operating conditions: when the outlet area was
decreased or the fuel flow was increased from the values at t he
peek Pz/Pg; and when the fuel flow was decreased from values
be-that at the peak Ps/Pa to form the | ower brench of the

| oop for values of A4/A.i of 0.63 and 0.76 (fig. 4). These obser-
vations indicate that with conbustion t he unsteedy £low process
reported in reference 1 alsco szpplies to 2 normal-shock diffuser
under sim | ar operating conditions.

A plot of the peak Pz./Po fram both constant-fuel-flow and

constant-ocutlet-area runs | S presented in figure 5 as a function
of Ag/A; with the reference curve without combustion. The peak

Pz/B, decreased fromO0.74 for en Ag/A; of 0.51 to 0.60 for an

6201
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Ay/Ay of 0.92. Unsteady fl ow associated withnormal-shock ogcil-

lations and pressure pulsations from the combustion process is
believed to have caused the decrease in the peak Pz/Py with

inoreasing A,/As.

The unsteedy flow, which produces thls phenmomencn, is the
result of pressure fluctuations that may originate from three sep-
arate sources of flow disturbances: (1) burner vibration when the
upstrean flow is pexfectly umiform (function of type and size of
burner); (2) streem vibrations produced by the inlet (function of
inlet geometry and throttling system; and (3) mutual interference
between burner and inlet (functlon of the size and the length of
the engines). The results presemted herein are over-all effects.
Further experiments should be mede to separate the causes of normal-
shock oscillations and to evaluate the effeot of each om the dif-
fuser performance,

Improvement of diffuser performance in the presence of combus-
tion should dbe possible by either elimination or effectlive dampening
of the |oressure pul sations originating in the combustion process.
Sever al methods, such as soreens and cones located upstream of the
fuel-spray nozzle, were used t 0 dampen the pressure pulsations.

Urge total -pressure drops were experienced across the cones and
the screens, but no notlceable improvement in diffuser performence
with combustion was reallzed. These preliminary studies indicated
that eliminatlon of the pressure pulsations in the combustion
process would be the most efficient method of Improving the diffuser
performance, Results obtained from several modifications to the
combustion process are therefore presented.

Combustion-Chamber Modifications

Modifications t0 the gombustion chamber resulted in a lateral
shift of the gold-run diffuser performance curve because of varia-
tion in friction losses across the combustion chamber and pressure
drop eoross the flame holder. At peak total-presswre recovery, the
normel shook was located at the optimum position in the diffuser
for the given outlet-area setting and combustlon-chamber combina-
tion. In order to evaluate directly the effect of écambustion=-
chamber modifications on diffuser performance, the peak total-

egaure recovery with combustion is presented for each oubtlet-
et area ratio as a functlion of the cold total-pressure recovery.
Such a plot for the original combustlon-chamber configuration is
used as a reference with which to compere results obtained for the
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various modifications. Improved diffuser performance resulting
from increesed normal-shock stabllity ls then indicated by arise
in peak total pressure above the reference curve.

Combustion-chamber lengith. - The length of the combustion cham-
ber was altered to determine if its resonant frequency was such as

to emplify cambustion-pressure pulsations. The peak Px/P,

obtained for combustion-chamber length-dlametexr ratios of 4.4, 6.3,
and 8.5 are presented in figure 6 as a funotion of Ps/Po without

conbustion, The date for all three combustion-chamber lengths fall
approximately along one curve., This conformity in the data indi-
oates that the resonant frequency of the origimal combustion cham-
ber could not account for the rapld decrease | n the peak PS/PO

with inoreasing Ay/A;.

Conical spiral-gutter-type flame holder. - Unreported results
from preliminary studies of & 1S-inch subsonic ram Jet have indli-
cated smooth operation over a wide range of fuel-alr ratlos for a
conical splral-gutter-type flame holder. This type flame holder
was used %o replace the original perforated conical flame holdexr in
an attempt to dampen the pressure pulsations from the combusiion
Irocess. The peak P;z/Py is plotted in figure 6. The data pointa

for the conical spiral-gutter-type f| ane holder fall either on or
slightly above the curve for the original flame holder and thus

indicate & alight improvement in diffuser performance resulting
from a smoother combustlon process.

Powdered magnesium flare, - In orxrder to invesilgate the pos-
8ibility of eliminating or altering the ocombustion-pressure pulsa-
tiong, a camplete change in the combustlon process was effected by
replacing the flame holder and the fuel system with a magnesium
flare. Because the burning rate (heat rel ease) for the flare was
nearly constent, the peak Pz/P; Ffor each A /A; could not be
obtained, The effect of this combuation prooess on the &iffuser
performance is shown in figure § in which the values of total-
Pressure recovery Py /Po W t h combustion are presented as a func-

tion of the total-preasure recovery Ps/Po without combustion. Deta
points for the flares fall wel| above the curve for the origlnal
combustion chamber. The marked improvement in dilffuser performence
with the magnesium flare is atiributed to a smoother combustion
prooess, These resulte indicate that the attalnment of the optlmum
cold-run total-pressure recovery may be possible, provided that the
mressure pulsations from the combustion proceas are eliminated.

6201
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SUMMARY OF RESULIS

An experimental Investigation of the effects of combustion in
a 3,680-inch-diameter yam jet on the performance of a basic normal-
shock diffuser gave the followlng results at a Mach number of 1.,92:

1l. An oscillation of the diffuser normal shock, initiated by
pressure pulsations from an unsteady combustlon process, causeld a
rapld decrease in peak total-pressure recovery with increasing
outlet-inlet area ratio and fuel flow, gimilar to that previously
reported for shock and perforated diffusers. The cold-run optimum
total~-pressure recovery was not atteined with combustion.

2. Several modifications to the origlnal combustlon chamber
were made in order to eliminete or to alter the pressure pulsatlons
fram the combustion process utllizing 82-octane gasoline as the
main fuel. The use of cones and wire screens in the diffuser,
various combustion-chamber lengths, and different flame holders had
little or no effect upon the diffuser performance.

3. A smooth combustion process resulting from the use of a
powdered magnesium flare produced & merked increase in total-
pressure recovery above the curve of peak total-pressure recoveries
establlished wlth 62-octane gasoline.

CONCLUSIONS

The results obtained in this preliminary investigation signify
the need of further experimental studies on ram Jets over the range
of supersonic speeds. Cold-test performence data and one-dimensional
steady-state calculstlons no longer seem to provide sufficlent back-
ground in diffuser design for specific ram-Jjet applicatlion because
the characteristics of the combustion and diffusion processes are so
interrelated as to necessltate complete engline experiments rather
than the evaluation of the various compoments under simulated con-
ditlons. Further corroborative evidence of the phenomenon reported
must be obtained at the different flight Mach mumbers and with 4if-
ferent scale models., The possibility of utilizing other types of
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fuel to achieve asmoother combustion process and the feasibllity

of redesigning the combustion-chamber and diffuser configurations

to dampen the pressure pulsations dueto combustion should also be
studled.

Lowls Flight Propulsion Laboratary,
Natlonal Advisory Commlttee for Aeromautics,
Cleveland, Ohlo.
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